Background: This research examined the use of the propensity score method to compare proxycompleted responses to self-completed responses in the first three baseline cohorts of the Medicare Health Outcomes Survey, administered in 1998Survey, administered in , 1999Survey, administered in , and 2000 A proxy is someone other than the respondent who completes the survey for the respondent.
Background
Surveys such as the Medicare Health Outcomes Survey (HOS) [1] are widely used to assess respondents' physical and mental health status. While survey methods are crucial to the assessment of self-reported health care conditions and outcomes, the use of proxy-completed responses in interviews and surveys may systematically affect responses (a proxy is someone other than the respondent, i.e. professional caregiver, friend, family member, or relative who completes the survey for the beneficiary). This is a particularly troublesome problem for data collected on an elderly population, since the elderly frequently must rely on a proxy. The propensity score method provides an approach for assessing bias in selfreport surveys such as the Medicare HOS. The goal of using the propensity score methodology is to create balance between different groups of subjects [2] . In this research, we apply the propensity score method [3] to three cohorts of self and proxy-completed responses in the Medicare HOS to compare results for physical and mental health status.
Self-Completed and Proxy-Completed Response Differences
Literature exists documenting the differences between self and proxy-completed responses on health status surveys. For example, some research demonstrates that proxycompleted responses tend to more accurately report conditions that are less private and more observable, but tend to underestimate less observable conditions such as emotional and affective states [4, 5] . Additionally, Yip, Wilber, Myrtle, and Grazman found that mean scores were significantly lower for proxy-completed responses compared to self-completed responses on the Physical Functioning, Vitality, and Mental Health scales of the 36-Item ShortForm Health Survey (SF-36) [6] .
Other research also has indicated significant disagreement between proxy-completed responses and observers for instrumental activities of daily living (IADLs). In this research, proxy-completed responses underreported IADLs compared to observers who watched subjects engaged in IADLs [7] . Systematic biases were found in the National Health Interview Survey; results indicated that proxy-completed responses underreported disabilities for those aged 18 to 64 years, but overreported disabilities for those 65 and older [8] . Data from the Canadian SF-36 indicated that proxy-completed responses tended to underestimate health status, with poor to moderate agreement between proxy-completed responses and the disabled elderly [9] . In examining data from Canada's National Population Health Survey, Shields [10] found significant differences between self and proxy-completed responses. In general, proxy-completed respondents underestimated the prevalence of certain health conditions. However, disagreement between self-completed and proxy-completed respondents was less likely for conditions that the proxy respondents were more likely not to mislabel, such as diabetes, heart disease, and cancer. It is evident that there are inconsistencies in the literature regarding proxy-completed and self-completed respondents and continued research is necessary to understand these inconsistencies.
Because proxy-completed responses are often necessary in assessing health outcomes for the elderly, it is important that methods be found for examining selection bias. The propensity score is one such method used to reduce selection bias in observational studies. This paper explores the use of the propensity score method in understanding the differences between proxy and self-completed responses, by applying this method to the Medicare HOS data.
Propensity Score Methodology Donald Rubin [3, [11] [12] [13] pioneered the propensity score methodology, which has been used extensively in medical research [e.g. [14] [15] [16] [17] . Theoretically, this method is similar to an experimental design, but it is applied to survey or observational data and has the potential to reduce selection bias. Simply put, the propensity score is the probability that an individual belongs to a naturally occurring treatment group, based on the individual's background characteristics (covariates). Since the propensity score summarizes the information on the background characteristics in a single summary score, it has a distinct advantage over standard matching techniques [18] [19] [20] . These latter techniques require the investigator to find subjects who are closely matched on each of many individual covariates, an often difficult task. Once the propensity scores have been calculated, the "treatment" and "control" groups (in this case, proxy-completed and self-completed respondents) can each be stratified into similarly matched comparison groups based upon their propensity scores. For each stratum we can then examine two groups of survey respondents, a group of proxy-respondents and a group of self-respondents that have similar propensity scores and who were "randomly" assigned to the groups in the sense of being equally likely to be a proxy or selfrespondent [2] .
For example, in a 2002 study on nephrology consultation in acute renal failure, Mehta et al. [17] used the propensity score methodology to assess the timing of nephrology consultation and in-hospital mortality. In this example, the authors created the propensity score using the characteristics that differentiated the delayed and early consultation groups. These authors state, "Inclusion of the propensity score as a covariate in a multivariable regression accounts for likelihood of 'treatment' (in this case, timing of consultation), and may adjust for unobserved, confounding, and selection bias, thereby refining regression estimates".
Similarly, Kilborn et al. [14] utilized the propensity score methodology in a nonrandomized study of amiodarone and mortality among acute myocardial infarction patients with atrial fibrillation. Patient characteristics that were associated with prescriptive use of amiodarone were incorporated into a regression analysis through the use of the propensity score methodology.
Assessing the difference between proxy-completed and self-completed responses in survey research is analogous to nonrandomized treatment studies such as the two dis- cussed above. Proxy-completed responses can be conceptualized partly as the results of selection bias, and partly the result of true differences between proxy and selfrespondents. Generally, proxy respondents who answer survey items for the respondent occupy a specific role in the respondent's life such as a family member (spouse, child), friend, or professional caregiver. Essentially, these proxy respondents bring a cognitive role set with them when they complete survey items on behalf of the respondent. This role set can bias responses to survey items. For example, if an adult child completes a survey for an elderly parent, the adult child may understate the physical and mental health status of the elderly parent. Indeed, these results were found in analyses conducted on the Canadian SF-36 [9] . Hence, it becomes very important to test for differences between proxy and self-completed respondents. If differences are found, adjustment procedures such as the propensity score should be used to reduce those differences in further analyses on outcomes such as physical and mental health status.
The propensity score is a methodology that has heuristic potential for quality of life research, which generally involves self and proxy-completed responses. We apply this methodology to three cohorts of data that include self-completed and proxy-completed responses from the Medicare HOS in order to determine if differences in physical and mental health status remain after adjustment using the propensity score.
Methods

Data collection
The Medicare HOS assesses the physical and mental health status of the Medicare elderly enrolled in managed care in the United States. Beginning in 1998 and continuing annually, a baseline cohort is created from a randomly selected sample of 1,000 Medicare members from each applicable Medicare contract market area. In plans with fewer than 1,000 Medicare members, the sample includes the entire enrolled Medicare population that meets the inclusion criteria. Medicare beneficiaries who are continuously enrolled in the health plans for at least six months are eligible for sampling [21] .
The data collection protocol includes a combination of mail and telephone surveys. Multiple mailings, standardized telephone interviews, interviewer training, and methods for maximizing response rates are well established in the Health Plan Employer Data and Information Set (HEDIS) specifications [22] . The Medicare HOS instrument includes the SF-36 health survey, which is a widely used multi-purpose, short-form health survey. Psychometric properties, reliability and validity studies of the SF-36 as well as normative data are available in user manuals [23, 24] . The SF-36 yields an eight-scale profile of scores and is a generic measure as opposed to one that targets a specific age, disease, or treatment group. The eight scales form two distinct higher ordered clusters that are the basis for scoring the physical component summary (PCS) measure and mental component summary (MCS) measure. For this analysis, the SF-36 individual scale scores, as well as the PCS and MCS scores, have been normed to the values for the 1990 general U.S. population, so that a score of fifty represents the national average for a given scale or summary score. Higher scores on the SF-36 represent better physical and/or mental health status. In addition to the SF-36, demographic data, activities of daily living (ADLs), chronic conditions (angina pectoris, arthritis, cancer, congestive heart failure, Crohn's disease, diabetes, emphysema/asthma/chronic obstructive pulmonary disease [COPD], hypertension, myocardial infarction, other heart conditions, sciatica, and stroke), and three depression-screening questions were examined for differences between self-completed and proxy-completed responses.
Data Analyses
Three steps were necessary in applying the propensity score method to the Medicare HOS data. First, self-com-pleted and proxy-completed responses were examined to establish differences between the groups of respondents (unadjusted comparisons). These two groups were compared on demographic variables, the SF-36 scores, type of chronic condition, type of impaired ADL, and three depression-screening questions.
Second, the propensity score was used to create comparison samples. The propensity score matching process involved developing a stepwise logistic model [12] to determine which demographic, disease, and disability variables affected the likelihood of a proxy response. Based on the values of these predictors, each beneficiary in the data set had an estimated probability of using a proxy, which is the propensity score.
Third, due to the large sample sizes, a stratified random sample was drawn from each decile of the distribution of the propensity score from the proxy-completed and selfcompleted respondent groups. Once the sample was drawn, resulting in a risk adjusted sub-sample, comparisons were made to determine whether proxy-completed responses differed from self-completed responses. Given the large sample sizes, effect sizes were used to determine significance. Effect size is defined as "...the degree to which the phenomenon is present in the population...or the degree to which the null hypothesis is false." Cohen [25] operationally defines effect sizes as follows: a small effect size is one that accounts for 2% (0.02) of the variance, a medium effect size accounts for 13%, (0.13) and a large effect size accounts for 26% (0.26). Cohen's effect size for proportions (p) was used to calculate the effect sizes for Tables 1 and 2 (h = φ 1 -φ 2 , where: φ = 2arcsin √p).
Cohen's effect size for means was calculated as:
Results and Discussion
Unadjusted Self-Completed and Proxy-Completed Response Comparisons Demographics
The proxy-completed responses differed from the selfcompleted responses on most demographic characteristics (table 1) . Small effect sizes were found for all variables (with the exception of separated) and many large effects were found (white and Hispanic race; age 65-74 and 85 or over; 8th grade or less, some college, and more than a 4 year degree; homeowner status of owned and owned by someone in the family).
SF-36 Scores
Large effect sizes were found for the PCS, MCS, and all scales. Table 2 indicates that the mean PCS scores between proxy-completed and self-completed responses reflected a seven-point difference, with proxy-completed responses having lower scores than self-completed responses (33.99 and 40.97, respectively). The mean MCS score indicated a strikingly similar situation with a proxy-completed mean score of 46.69 and a self-completed mean score of 52.56.
Chronic Conditions
The proxy-completed responses differed from the selfcompleted responses on all chronic conditions. Additionally, proxy-completed respondents reported proportionally more of each condition; small, medium, and large effects were found for all conditions. The effect size for stroke was the largest (0.38) with about 20% of the proxy respondents who reported this condition compared to approximately 7% of the self respondents (table 3) . responses. For example, a large difference existed in difficulty dressing. Approximately 36% of the proxy respondents reported inability or difficulty dressing, whereas only 10% of the self respondents reported a problem. Bathing was another ADL reflecting extreme differences. Approximately 41% of the proxy respondents had inability or difficulty bathing compared to only 12% of the self respondents. About 59% of the proxy respondents reported inability or difficulty walking and approximately 33% of the self respondents reported a problem walking.
Impaired ADLs
Depression
Large effect sizes were also found between proxy-completed and self-completed responses for the three depression-screening questions. Proxy-completed responses had proportionally more affirmative responses to the depression-screening questions compared to self-completed responses. Approximately 40% of the proxy-completed respondents indicated feeling sad/blue for two or more weeks in the past year compared to about 21% of selfcompleted respondents. About 13% of the self-completed respondents reported feeling depressed or sad much of the time in the past year compared to 31% of the proxycompleted respondents. Similarly, approximately 25% of the proxy-completed respondents reported feeling depressed/sad for two or more years in their life compared to about 14% of the self-completed respondents.
These comparisons established that the proxy-completed respondents were demographically different, varied in type of chronic condition, reported more depression, and reported decreased status in physical and mental health compared to self-completed respondents.
Stepwise Regression Since significant differences were found between self and proxy-completed responses on the above stated characteristics, these variables were entered in a stepwise logistic regression as independent variables, with the dependent variable coded as 1 for proxy-completed responses and 0 for self-completed responses. The independent variables were: age under 45, age 45 -54, age 55 -64, age 75 -84, age 85 and over (reference group was 65 -74); Black/African American race, Asian race, other race (reference group was white); Hispanic ethnicity; widowed, never married, divorced or separated (reference group was married); educational attainment of eighth grade or less, educational attainment of some high school, education beyond high school (reference group was high school graduate or GED); homeownership; female; Medicaid enrolled; insti- ∫ or coronary artery disease ‡ other than skin cancer † Chronic obstructive pulmonary disease likely to have an 8th grade education or less and to be institutionalized. They were about one and a quarter times more likely to have congestive heart failure and to be depressed two or more weeks in the past year.
The next step in the propensity score process involved creating a distribution from which to randomly sample respondents.
Sampling. Based on the values of the variables listed above, each beneficiary in the three cohorts had an associated probability of having a proxy-completed survey (i.e. the propensity score). The distribution of the propensity score was divided into deciles, and stratified random samples of 400 from the first through the eighth deciles were drawn from both the proxy-completed responses and the self-completed responses (table 5) . Due to the large size of decile one, the stratified random sample was selected from the midpoint of that decile. Due to the small size of deciles nine and ten, 200 were drawn from the ninth decile and 50 were drawn from the tenth decile for both groups (see table 5 ). This methodology had the effect of providing a sample that was reasonably well distributed between the groups with respect to the characteristics that helped to determine proxy-completed responses. Thus, respondents in the proxy-completed and self-completed groups with equal (or nearly equal) propensity scores should have the same (or nearly the same) distributions on the variables included in the logistic regression model [22] .
Adjusted Self-Completed and Proxy-Completed Response Comparisons Demographics
Despite the propensity score adjustment, small effects in demographics existed within the adjusted self-completed and proxy-completed comparisons, as shown in table 6. Small effect sizes were found for both male and female gender; greater proportions of self-completed responses were male and higher proportions of proxy-completed responses were female. Small effects were found for American Indian/Alaskan Native, with proportionally less proxy-completed responses in this category. A small effect was also found for white race (more white proxy-completed responses). Small effects were found for ages 55-64 (more self-completed responses), 65-74 (more self-completed responses), and 85 or over (more proxy-completed responses). Small effects were found for all categories of marital status and a medium effect was found for divorced (more self-completed responses). Small effects were found for all educational levels. More self-completed respondents reported an 8th grade or less education and some high school; more proxy respondents reported an educational level of high school/GED, some college and college graduate; however, more self-completed respondents had more than a four year degree. and for all income levels, with the exception of $5,000 -$9,999 and $80,000 -$99,999. Small effects were found for all categories of homeowner status and for institutionalization.
SF-36
Small effects were found for PCS and MCS scores (table  7) . Medium effects were found for the Physical Functioning scale, the Vitality scale, the Social Functioning scale, and the Role-Emotional scale. Small effect sizes were found for all other scales. Chronic Conditions Table 8 indicates that small effect sizes were found for all chronic conditions except any cancer, congestive heart failure, and stroke.
Impaired ADLs
Small effects were found for all impaired ADLs; inability/ difficulty toileting, eating, bathing, and dressing. However, inability/difficulty getting in or out of chairs and walking did not meet the effect size criterion (table 8) .
Depression A small effect size was found for the depression screening question, "depressed /sad 2 or more years in life." However, the other two depression screening questions did not meet the small effect size criterion. 
Conclusions
The results of this exploratory use of the propensity score method to compare proxy-completed and self-completed responses indicate that differences between the two samples were substantially reduced, although some differences remained after utilizing the propensity score methodology. We believe that three conclusions can be drawn from this research. First, the use of the propensity score method may be quite useful in reducing selection bias between self and proxy respondents in survey research. This methodology provides a unique tool and innovative approach for reducing this bias. Second, though some differences between self and proxycompleted responses in this research remained after applying the propensity score methodology, the consistent use of this methodology in the literature should result in increased understanding regarding the differences between self and proxy-completed responses. For example, future research should consider the role of the proxy respondent to the self-respondent. Relatives and professional caregivers may systematically overstate or understate a respondent's physical and/or mental health status. Information on the nature of the role relationship between the proxy respondent and the self-respondent may be important to assess in health status surveys and may be a crucial factor in understanding selection bias.
While more research is needed on applying the propensity score method to self and proxy-completed responses, the use of this method in these populations can help researchers understand the differences in self and proxy-completed responses, and to reduce these differences.
Finally, the propensity score method should be examined in the context of the literature on cognitive psychology. Response bias is a phenomenon entirely consistent with the social and cognitive psychological literature on attributional biases. Overall, the findings from dozens of empirical studies indicate that humans are relatively poor processors of information and form biases and inferences that systematically distort perception [26] . Using the National Health Interview Survey on Disability, recent research indicates that conditional likelihood judgments (for example, the likelihood that an individual has a disability given another disability) predicted the number of disabilities for proxy-completed responses but not for selfcompleted responses [27] . The continuing search for methods to understand how to reduce proxy bias in quality of life research is important since the implications for policy direction may depend on such research.
